Background: Although obesity is increasing worldwide and becoming a major public health problem, some countries report a trend toward stabilization. We investigated prevalence trends in overweight/obesity and obesity among Korean adults during a 12-year period.
INTRODUCTION
Obesity is a global epidemic. 1, 2 It is associated with numerous disorders, such as type 2 diabetes mellitus, metabolic syndrome, renal impairment, cancers, and cardiovascular diseases, which results in increased medical expenditures and substantial public health burdens. [3] [4] [5] [6] Although several studies have predicted that obesity prevalence will increase sharply, 1,2 recent epidemiologic findings suggest that those reports overestimated future obesity prevalence. 7, 8 Rapid socioeconomic development and industrialization in South Korea over the last several decades have resulted in considerable lifestyle changes, such as increased consumption of Western food and sedentary behavior with less physical activity. Obesity and its related diseases, such as metabolic syndrome, have increased with the introduction of the Western lifestyle in Korea. 9 Despite the gradual increase in obesity prevalence over several decades, the rate of increase is expected to slow or even reverse to a decrease in the next several years. 7, 8, 10 Indeed, recent Japanese and Taiwanese epidemiologic studies have shown that female adiposity has decreased. 11, 12 Identifying changes in trends in obesity prevalence during recent decades would be helpful in establishing public-health promotion policies.
Using data from the Korean National Health and Nutrition Examination Survey (KNHANES) for the period 1998-2009, we investigated prevalence trends in overweight and obesity among Korean adults aged 20 years or older.
METHODS

Study population
The KNHANES is a cross-sectional, nationally representative survey conducted by the Korean Ministry of Health and Welfare. It assesses the health and nutritional status of the non-institutionalized Korean population and has been performed in 4 phases: phase I (1998), II (2001) , III (2005) , and IV (2007) (2008) (2009) ). KNHANES comprises a health interview survey, a health behavior survey, a health examination survey, and a nutrition survey. Households as sampling units were stratified and collected through a multistage, probability-based sampling design based on sex, age, and geographic area, using household registries. At the time each survey was done, participants provided written informed consent for use of their data in further analyses and were given the right to refuse to participate, in accordance with the National Health Enhancement Act.
Of the 138 674 participants in the KNHANES I to IV, those who were 19 years or younger (n = 40 821) or had missing anthropometric data (n = 60 731) were excluded. After these exclusions, a total of 37 122 participants (16 040 men, 21 082 women) were included in the final analysis. Age group at the time of the interview was classified as young adults (20-39 years), middle-aged adults (40-59 years), and elderly adults (60 years or older). This study was approved by the Institutional Review Board of Gangnam Severance Hospital, Yonsei University College of Medicine, Seoul, Korea.
Measurement and definition of obesity
Physical examinations were performed by trained medical staff who followed standardized procedures. Body weight and height were measured to the nearest 0.1 kg and 0.1 cm, respectively, with subjects wearing light indoor clothing without shoes. Body mass index (BMI) was calculated as the ratio of weight in kilograms to height in meters squared (kg/m 2 ). Using the Asia-Pacific regional guidelines of the World Health Organization (WHO) and International Obesity Task Force (IOTF) we defined the cutoff points for overweight and obesity as a BMI of 23 kg/m 2 or higher and 25 kg/m 2 or higher, respectively. 13 We further stratified obesity as grade 1 (BMI ≥25 kg/m 2 ) and grade 2 (BMI ≥30 kg/m 2 ), which were not mutually exclusive.
Statistical analysis KNHANES data obtained from the Korea National Statistical Office were used to define the standard population. To represent the whole Korean population without biased estimates, sampling weights were used to account for the complex sampling. The age and BMI of the study population were summarized using general linear models across KNHANES phases. The χ 2 test was used to compare obesity prevalence, and 1-way analysis of variance (ANOVA) was used to compare mean values for continuous variables such as age and BMI, across KNHANES phases. All data on continuous variables are presented as mean ± standard error (SE). Data on categorical variables are presented as percentage and 95% CI. Odds ratios (ORs) and 95% CI for the obesity prevalence were calculated using logistic regression analyses across KNHANES phases by sex, after adjusting for age group. When we conducted trend analyses, KNHANES phases I to IV were expressed by numerical values, which were treated as continuous rather than categorical variables. We conducted linear regression analyses for BMI and logistic regression analyses for prevalence and ORs, to calculate P-values for trends and β coefficients across KNHANES phases. All analyses were conducted using SAS statistical software (version 9.1; SAS Institute Inc., Cary, NC, USA). All statistical tests were 2-sided, and a P-value of less than 0.05 was considered to indicate statistical significance.
RESULTS
The 37 122 participants included in this study were distributed as follows: 7962 from KNHANES I, 6572 from KNHANES II, 5462 from KNHANES III, and 17 126 from KNHANES IV ( Table 1) . Table 2 shows changes in BMI according to sex and age group (20-39 years, 40-59 years, 60 years or older) across KNHANES phases. BMI increased among men across KNHANES phases (P-value ≤0.001 by 1-way ANOVA; P for trend <0.001, β = 0.169 by linear regression analysis); however, BMI slightly decreased among women (P-value = 0.013; P for trend = 0.035, β = −0.093).
The prevalences of overweight/obesity (BMI ≥23 kg/m 2 ), grade 1 obesity (BMI ≥25 kg/m 2 ), and grade 2 obesity (BMI ≥30 kg/m 2 ) for men and women are presented in Figure 1 . The prevalence of overweight/obesity gradually rose among men from KNHANES I to IV (P-value = 0.002 by χ 2 test; P for trend = 0.002, β = 0.021 by logistic regression analysis) but decreased among women (P-value = 0.067; P for trend = 0.017, β = −0.015; Figure 1A ). Similar to the trends in overweight/obesity prevalence, the overall prevalence of grade 1 obesity steadily increased among men (P-value = 0.034; P for trend = 0.006, β = 0.018), but the trend was not significant among women, although it tended to decrease after KNHANES II (P-value = 0.331; P for trend = 0.143, β = −0.008; Figure 1B ). In contrast, the increase in the prevalence of grade 2 obesity was not significant in either sex (P-value = 0.221 in men and 0.398 in women; P for trend = 0.075 in men and 0.226 in women, β = 0.005 in men and 0.003 in women; Figure 1C ).
Detailed information on the prevalences of overweight/ obesity, grade 1 obesity, and grade 2 obesity according to age group and sex are shown in Table 3 . The prevalence of overweight/obesity (P-value = 0.037 by χ 2 test; P for trend = 0.006 and β = 0.030 by logistic regression analysis) and grade 2 obesity (P-value = 0.165; P for trend = 0.041, β = 0.010) gradually increased in young adult men across KNHANES phases. In contrast, the prevalence of overweight/obesity (P-value = 0.048; P for trend = 0.012, β = −0.022) among young adult women and the prevalences of overweight/ obesity (P-value = 0.028; P for trend = 0.008, β = −0.025) and grade 1 obesity (P-value = 0.042; P for trend = 0.010, β = −0.023) among middle-aged women linearly decreased across KNHANES phases.
The trends in overweight and obesity during 1998-2009 are presented as ORs (95% CIs) indicating the estimated increase in the odds for obesity prevalence after adjusting for age group ( Figure 2 ). As compared with KNHANES I, the ORs in men for overweight/obesity in KNHANES II to IV were all statistically significant and linearly increased in a timedependent manner ( 
DISCUSSION
This study of KNHANES data for 1998-2009 showed sex differences in trends in overweight and obesity prevalence among Korean adults during the 12-year period. The trend in overweight and obesity prevalence increased linearly in men; however, there was no increasing trend for women, and overweight/obesity even decreased during the 12-year period. These findings are comparable to the results of other East Asian studies. All data are mean ± SE; P-values were determined by 1-way ANOVA. P-values for trends and β coefficient were determined by linear regression analyses after setting KNHANES phase as the continuous variable. BMI is a reasonable measure to assess general obesity. 14 The WHO and IOTF recommend that overweight and obesity be defined as a BMI of 23 kg/m 2 or higher and 25 kg/m 2 or higher, respectively, in the Western Pacific region. 13 High BMI is a well-known risk factor for cardiometabolic diseases such as type 2 diabetes mellitus, hypertension, and ischemic heart diseases. [3] [4] [5] [6] In addition, BMI independently predicts allcause and cardiovascular mortality, especially in individuals with a BMI over 25 kg/m 2 .
11,12
15,16
Direct and indirect medical expenditures and public health burdens related to obesity will increase as long as obesity prevalence increases. 1 According to a systematic review, obesity was responsible for 0.7% to 2.8% of national total healthcare expenditures. 17 Medical costs among obese individuals are about 30% higher than those of non-obese individuals. 17 Unfortunately, obesity prevalence is markedly increasing, and this upward trend is likely to continue. 1, 2, 18 A systematic analysis of health examination surveys from 199 P-values were determined by χ 2 testing. P-values for trends and β coefficient were determined by logistic regression analyses after setting KNHANES phase as the continuous variable.
countries and regions showed that mean BMI increased by 0.4 kg/m 2 per decade in men and by 0.5 kg/m 2 per decade in women between 1980 and 2008. 19 However, the latest findings on changes in obesity prevalence in American children and adults contradict earlier results. 7, 8 In a recent study of Korean adults, which was based on data from KNHANES I-IV, Khang et al reported that obesity prevalence gradually increased in Korean men but plateaued in Korean women during 1998-2007. 10 However, that study did not include data from 2008 and 2009, ie, the second and An imbalance between daily calorie intake and expenditure is a major factor in body weight change. According to Korea Health Statistics, which was published by the Korea Centers for Disease Control and Prevention, Korean trends in daily calorie intake were as follows 20 : 2152 kcal, 2107 kcal, 2214 kcal, and 2148 kcal for men, and 1729 kcal, 1713 kcal, 1742 kcal, and 1579 kcal for women in KNHANES I to IV, respectively. Thus, a decrease in daily calorie intake of about 150 kcal was seen in women between 1998 and 2009, whereas a decrease of only 4 kcal was seen in men. Moreover, the percentage of individuals regularly engaged in physical activities of moderate or vigorous intensity changed from 33.3% to 27.3% in men and from 26.1% to 23.0% in women in the KNHANES III and IV, respectively. We infer that the small change in daily calorie intake and the large decrease in physical activity have made Korean men more obese, while the large decrease in daily calorie intake and the small decrease in physical activity have made Korean women less obese. Sex differences in the trends in changes in calorie intake and physical activity might result in contradictory trends in the prevalence of overweight and obesity. Several studies reported that more frequent exposure to mass media in a population increases body dissatisfaction and distorts eating patterns, especially in young women. 21, 22 Many Korean women exposed to mass media may wish to make their bodies more slender and might thus engage in excessive weightreduction practices, regardless of their adiposity status. A desire to become more slender might have contributed to downward trends in overweight and obesity in women.
Some limitations should be considered when interpreting the findings of this study. First, this study analyzed crosssectional data. In addition, many subjects (n = 60 731) were excluded because of missing anthropometric data. In particular, overweight or obese women might have avoided anthropometric measurements. For these reasons, we cannot fully exclude the possibility of selection bias, despite the enrollment of a large representative sample and use of sampling weights. Second, overweight and obesity were defined based on BMI, which is calculated using body weight and height and does not consider body fatness. Because BMI does not distinguish fat from fat-free mass and tends to overestimate fatness in muscular subjects, adiposity can be misclassified. However, BMI was found to be strongly correlated with fat-free mass and fat mass. 23 Furthermore, BMI was well validated with body fat percentage as assessed by dual X-ray absorptiometry. 24 For these reasons, it is unlikely that this method of assessing obesity significantly affected our findings. Finally, parameters of obesity, caloric intake, and physical activity were not measured over the same relevant phase. For instance, because the Korea Centers for Disease Control and Prevention did not comprehensively survey moderate-and vigorous-intensity physical activity before KNHANES III, we could not estimate the percentage of individuals who were regularly engaged in physical activity from KNHANES I to IV. These limitations make it difficult to identify conclusive cause-effect relationships.
Despite its potential limitations, this study has several strengths. First, to represent the general Korean population aged 20 years or older, we applied sampling weights to all analyses. A similar study, by Khang et al, enrolled a smaller population for a shorter period. 10 Furthermore, they included only the first of 3 years of KNHANES IV. KNHANES began in 1998 (KNHANES I). By KNHANES III, this survey was conducted every 3 or 4 years for 2 to 3 months. Unlike the previous 3 surveys, KNHANES IV was conducted year-round from 2007 to 2009. Data from the first years of KNHANES IV, which Khang et al analyzed in their study, do not represent the general Korean population in the relevant period. Thus, our findings are more generalizable and representative of Korean adults.
In summary, the prevalence of overweight and obesity continuously increased in Korean men, and slightly decreased in women, during the 12-year study period 1998-2009. Appropriate national interventions, including public antiobesity campaigns and health promotion programs, are warranted in order to reduce the prevalence of obesity.
